ABSTRACT. Reticulocytes, known as late polychromatic erythrocytes, were induced in blood of chickens infected with Leucocytozoon caulleryi by bleeding when the second-generation merozoites were released into the blood from the second-generation schizonts. The secondgeneration merozoites preferentially invaded into reticulocytes and developed to stage II gametocytes. Enhanced development of stage II gametocytes to mature gametocytes was observed in the reticulocytes in vivo and in vitro in the bleeding group. Nevertheless, invasion of reticulocytes by the second-generation merozoites was not considered to be absolutely necessary for the development of gametocytes. The chicken leucocytozoonosis is caused by Leucocytozoon caulleryi. This disease is transmitted by biting midges, Culicoides arakawae. After biting by infected C. arakawae, sporozoites invade the vascular endothelial cells of chickens and grow to the first-generation schizonts. The schizonts release many first-generation merozoites, and then, another schizogony is repeated. The second-generation merozoites finally invade erythrocytes in the peripheral blood and develop to gametocytes. The second-generation merozoites also invade immature erythrocytes such as erythroblasts [1] [2] [3] 13] . Most of young gametocytes such as the stage III are observed in polychromerythrocytes and polychromerythroblasts in blood vessels of such visceral organs as the lung, spleen and bone marrow. In addition, the detection rate of mature gametocytes such as the stage V is low in the peripheral blood although a large number of the second-generation merozoites are detected. Therefore, Akiba presumed that only the merozoites invaded immature erythrocytes such as the reticulocytes and developed to the mature gametocytes [1] . However, the necessity for reticulocytes to be present in gametocytogenesis is not well understood.
The chicken leucocytozoonosis is caused by Leucocytozoon caulleryi. This disease is transmitted by biting midges, Culicoides arakawae. After biting by infected C. arakawae, sporozoites invade the vascular endothelial cells of chickens and grow to the first-generation schizonts. The schizonts release many first-generation merozoites, and then, another schizogony is repeated. The second-generation merozoites finally invade erythrocytes in the peripheral blood and develop to gametocytes. The second-generation merozoites also invade immature erythrocytes such as erythroblasts [1] [2] [3] 13] . Most of young gametocytes such as the stage III are observed in polychromerythrocytes and polychromerythroblasts in blood vessels of such visceral organs as the lung, spleen and bone marrow. In addition, the detection rate of mature gametocytes such as the stage V is low in the peripheral blood although a large number of the second-generation merozoites are detected. Therefore, Akiba presumed that only the merozoites invaded immature erythrocytes such as the reticulocytes and developed to the mature gametocytes [1] . However, the necessity for reticulocytes to be present in gametocytogenesis is not well understood.
The development of the second-generation merozoites to gametocytes in L. caulleryi was also observed in culture of peripheral blood [7, 11] . Nevertheless, it is not understood whether or not immature erythrocytes play an important role in the gametocytogenesis in infected chickens. In the present study, reticulocytemia was induced by bleeding when the second-generation merozoites were released and the role of reticulocytes in gametocytogenesis in chickens infected with L. caulleryi was examined.
MATERIALS AND METHODS

Parasites:
The Shizuoka strain of L. caulleryi was used throughout the present experiments. The strain has been maintained by cyclic transmission between chickens and colonized C. arakawae. The suspensions of sporozoites prepared from infected midges were stored at -85°C until use [10] .
Animals and infection: Male white Leghorn chickens, 2 months old, were used and maintained under conventional conditions. Chickens were intravenously inoculated with a dose of 1 × 10 4 sporozoites. Infected chickens were divided into 2 groups, the bleeding and non-bleeding groups.
Induction of reticulocytemia: In the preliminary experiments, the reticulocytes in the uninfected chickens increased to a peak of 4.5% day 2 after withdrawing of 10-ml blood. The majority of the second-generation merozoites were released from the second-generation schizonts from day 14 after infection. Therefore, in the present study in order to induce reticulocytemia at the time of releasing the secondgeneration merozoites, 10-ml of blood was withdrawn from infected chickens of the bleeding group by cardiac puncture day 12 after infection.
Erythrocyte counting and staining: Blood was daily collected from the wing vein using heparin. Thin blood smears were prepared from day 13 after infection, fixed with methanol and stained with May-Grünwald/Giemsa double stain. Parasitemia, gametocytemia and reticulocytemia were evaluated by microscopic inspection of blood films. Reticulocytes were differentiated from normocytes by their staining properties and represented as late polychromatic erythrocytes [8] . Total erythrocytes of infected chickens were counted by hemocytometry. The number of reticulocytes or gametocytes in the peripheral blood was calculated from reticulocytemia (%) or gametocytemia (%), respectively, and the total number of erythrocytes.
Culture: Culture was carried out as described previously, briefly, using the improved RPMI 1640 medium at 37°C for 7 days [11] . The medium was supplemented with 25 mM HEPES, 50 mM hypoxanthine, 0.37 mM gentamicin, 3.4 mM glutamine, 24 mM NaHCO 3 , heparin (final 10 u/ml) and 8.5 mg/ml NaCl (0.1 ml/bottle). Gametocytes found in the smears were classified into types from stages I to V based on the standard reported by Akiba [2] . However, the stage III gametocyte in the culture was subdivided into 3 groups by the size of developed gametocyte. The small type of stage III gametocyte (GIIIS) was smaller than the nucleus of uninfected erythrocytes. The middle type (GIIIM) varied in size from small to large ones. The large type (GIIIL) was twice larger than the nucleus of uninfected erythrocytes.
RESULTS
As shown in Fig. 1 , the infected chickens in the nonbleeding group developed with mild anemia from day 15 to 18 after infection with 1 × 10 4 sporozoites of L. caulleryi. The number of reticulocytes in blood of the non-bleeding group increased from day 16 and reached a peak of 3.9 ± 1.5% at day 17. On the other hand, after the infected chickens were bled out on day 12 of infection, in the bleeding group anemia developed more quickly and more severely. Reticulocytemia in the bleeding group showed a bimodal process with two peaks. The first peak was caused by bleeding out. The second peak in the bleeding groups was higher than that of the non-bleeding group.
The number of stage II gametocytes in the non-bleeding group, as shown in Fig. 2 , increased from day 14 and reached a peak at day 15 of infection. Stage V gametocytes in the non-bleeding group were observed from day 18 and increased in number to reach a peak at day 21. On the other hand, the number of stage II gametocytes in the bleeding group increased from day 13 and reached a higher peak at day 15. The number of stage V gametocytes in the bleeding group increased from day 18 and reached a higher peak at day 19.
Two days after bleeding out, reticulocytemia in the bleeding group became 17 times severer than that in the nonbleeding group (Table 1, Fig. 1 ). At the same time, the percentages of infected reticulocytes and stage II gametocytes in the bleeding group increased 4.1 and 4.8 times larger than those of non-bleeding group, respectively (Figs. 1, 2) . At day 19, 20 or 21 of infection, however, the percentage of stage V gametocytes in the bleeding group increased only twice larger than that of the non-bleeding group. The number of infected reticulocytes in both groups was curvilinearly correlated with the number of stage V gametocytes in the blood; y = -2E -5 x 2 + 1.0044x + 5783.6, R 2 =0.6962 (Fig.  3) .
In culture, stage II gametocytes in the bleeding group developed into the more mature gametocytes including stages IV and V than those in the non-bleeding group (Fig.  4) .
DISCUSSION
In chickens, reticulocytes without reticulocyte stain are known as late polychromatic erythrocytes [8] . Reticulocytemia, in the present study, reached a peak day 17 after infection with L. caulleryi in the non-bleeding group. Reticulocytemia in the preliminary study was also induced day 2 after bleeding. Akiba reported that anemia was induced by hemorrhage and the destruction of erythrocytes [2] . Therefore, reticulocytemia in infected chickens of the non-bleeding group was caused by anemia that was observed from day 15.
On the other hand, it is well known that phenylhydrazineHCl or bleeding induces reticulocytemia. In the present study, after bleeding of 10-ml blood at day 12 in the bleeding group, reticulocytemia was observed from day 13 and reached the first peak at day 14 when the second-generation merozoites invaded the erythrocytes (Fig. 1) . The secondgeneration merozoites in the bleeding group preferentially invaded the reticulocytes and developed into stage II gametocytes ( Table 1 ). The percentages of reticulocytes infected with the second-generation merozoites and stage II gametocytes were 4.1 and 4.8 times larger in the bleeding group than in the non-bleeding group, respectively. In rodent malaria, Plasmodium berghei and P. yoelii preferentially invade the reticulocytes, whereas P. vinckei and P. chabaudi predominantly invade the normocytes. After reticulocytemia is induced by treatment with phenylhydrazine, infected reticulocytes increase in number in P. vinckei or P. chabaudi infection [12, 16] . In human malaria, P. vivax reticulocytes of infected chickens after bleeding. After infection with Leucocytozoon caulleryi, chickens were divided into 2 groups, the non-bleeding and bleeding groups. In the latter, 10-ml blood was bled out by cardiac puncture day 12 after infection. Open circle denotes erythrocytes in the non-bleeding group (n=5); Closed circle, erythrocytes in the bleeding group (n=6); Open square, reticulocytes in the non-bleeding group (n=5); Closed square, reticulocytes in the bleeding group (n=6). Data represent the mean ± standard error. * Significantly different (P<0.05) from that of the non-bleeding group.
preferentially invade reticulocytes, whereas P. falciparum invade various kinds of erythrocytes [6] . P. vivax merozoites have reticulocyte-binding proteins that are responsible for the selective invasion of merozoites into the erythrocytes [4] . In addition, enhanced gametocyte formation is observed on phenylhydrazine-treated mice in P. chabaudi infection [5] . Trager and his colleagues observed that the number of developed gametocytes increased together with the increased number of reticulocytes in P. falciparum culture [14, 15] . In the present study, enhanced stage V gametocyte formation was also observed in vivo and in vitro in the bleeding group (Figs. 2 and 4) . In the reticulocytes, low molecular-weight compounds such as ATP are higher in amount than in the mature cells [9] . Furthermore, reticulocytes are de novo capable of synthesis of adenine and guanine. These compounds plentiful in reticulocytes may be useful for the development of gametocytes. Nevertheless, in the present study, the number of stage V gametocytes in vivo was only twice larger in the bleeding group than in the nonbleeding group (Fig. 2 & Table 1 ). In addition, even if the second generation merozoites invaded into the reticulocytes, not all the stage II gametocytes were able to develop into stage V gametocytes (Fig. 3 ).
In conclusion, the second-generation merozoites of L. caulleryi preferentially invaded the reticulocytes and developed to mature gametocytes. However, invasion of reticulocytes by the second-generation merozoites was not considered to be absolutely necessary for the development of gametocytes. 
